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(54) ORGANIC ELECTROLUMINESCENT ELEMENT 

(57)Abstract; 

PROBLEM TO BE SOLVED: To freely incorporate electron 
transport property, hole transport property and luminous 
properties and improve heat resistance by including an 
asymmetrical spiro compound having a fluorine skeleton in at least 
one layer from among organic compound layers, 
SOLUTION: This electroluminescent element is composed of one 
or multiple organic compound layers caught by a positive electrode 
and a negative electrode and at least one layer from among these 
layers is formed from an asymmetrical spiro compound expressed 
by a formula. In the formula, the asymmetrical spiro compound is 
formed by providing substituted groups which are different from 
each other for R1 and R2. R1 and R2 each are selected from a 
hydrogen atom, alkyl group, phenyl group, substituted phenyl group, 
diarylamino group, heterocycle group or substituted heterocycle 
group. Thereby, electron transport property, hole transport property, electron transport property and 
luminous function can be selected and appropriately imparted to the organic compound iayers. In addition, 
because the asymmetrical spiro compound has a nonplanar molecular structure, it has high glass 
transition point and is superior in heat resistance. 
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CLAIM 

1. An organic electroluminescent element having an anode, a cathode, and one 
or more organic compound layers held between them, at least one layer of the organic 
compound layers comprising an asymmetric spiro compound having a fluorene 
skeleton represented by the following General Chemical Formula 1: 
[Formula 1] 



[0023] 
[Examples] 

Hereinafter, the present invention will be described more specifically with 

reference to Examples. 

(Preparative Example) Preparation of the compound of Formula 1 
2-nitro-4,4'-dibromobiphenyl was prepared by nitration of 4,4 f ~dibromobiphenyl 

according to the method by H. G. Dennett and E. E. Turner, J, Chem. Soc. T 1,926,476. 

However, the product was purified by column chromatography. 

[0024] 

The nitrated compound obtained was reduced in ethanol at a reflux 
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temperature for 20 hours, by using 7-8 gram equivalents of iron powder and 1 mole 
equivalent of cone, hydrochloric acid. The crude yield was 84%. The amine 
compound produced was dissolved In 3 mole equivalents of cone, hydrochloric acid and 
a small amount of water-ethanol mixture and allowed to react with 1.1 equivalents of 
sodium nitrite in ice bath, to give a diazonium salt precipitate. The diazonium salt was 
brominated in the Sandmeyer reaction, in the presence of an approximately twice molar 
amount of cuprous bromide. Purification, for example by filtration, benzene extraction, 
and recrystallization, gave 2,4,4-tribromobiphenyl. 
[0025] 

Spiro ring formation 

Previously, palladium acetate and tri4-butylphosphine (molar ratio: 1 :4 ) were 
mixed in xylene, to give a catalyst solution. One mol %-corresponding portion of the 
catalyst solution was added to a mixture of the 2,4,4 -tribromobiphenyl above, 2 
equivalences of a secondary amine 1-naphthyl phenylamine, and 2.4 equivalents of 
sodium t-butoxide in xylene under nitrogen atmosphere, and the mixture was kept at 
120°C for 3 hours. After benzene extraction and other common processings, the 
product was purified by column chromatography, to give a 4,4 ~(1~ 
naphthylphenylamino)-2-bromobiphenyl compound. 
[0026] 

The 4,441-naphthylphenylamino)«2-bromobiphenyl compound obtained was 
dissolved in tetrahydrofuran; 1.1 equivalences of butylfithium solution was added 
thereto at 0°C; the mixture was allowed to react at room temperature for 1 hour, for 
lithium exchange, and then added to a benzene solution containing 1 mole equivalence 
of 2,7-bis(diphenylamtno)-9-f!uorenone; and the mixture was kept under reflux for 2 to 3 
hours, After posttreatment and drying, the viscous liquid obtained was heated under 
reflux with a solvent acetic acid and a catalytic amount of methanesulfonic acid, to give 
a crude product of an asymmetric spiro compound represented by Formula 3 (in 
Formula 3, R represents a 1-naphthyiphenylamino group), i.e., a desired spiro 
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compound having a fluorene skeleton wherein R 1 represents a diphenylamino group 
and R 2 represents a phenylnaphthyiamino group. The chemical structure was 
confirmed after purification by chromatography. 
[0027] 
[Formula 3] 



[0028] 

In preparation above, introduction of desirable substituent groups as Ri and R 2 
during the coupling reaction (Formula 4) between 2~bromodiphenyl and ffuorenone 
gives a desirable compound. 
[0029] 
[Formula 4] 




[0030] 
(Example 1) 

A light-emitting layer of the spiro compound represented by Chemical Formula 
5 was formed to a thickness of 600 A on a glass substrate having an ITO film deposited 
to a thickness of 1800 A; a layer of the electron-transporting material represented by 
Chemical Formula 6 was formed thereon to a thickness of 600 A; and finally, an 
electrode of a MgAg alloy was formed thereon to a thickness of 2000 A, 
[0031] 

The degree of vacuum during vapor deposition was 6x1 0~ 7 Torr. A 5-V DC 
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voltage positive to 1TO side and negative to the metal side was applied to the organic 
electroluminescent element thus prepared, to give blue emission at an intensity of 
approximately 50 cd/m 2 . The result indicates that the compound of Chemical Formula 
5 is both hole-transporting and light-emitting. The element had a half life of 100 hours 
or longer, when operated continuously at 11 mA/cm 2 
[0032] 
[Formula 5] 




[0033] 
[Formula 6] 




[0034] 
(Example 2) 

In a similar manner to Example 1 , a layer of a diamine derivative represented 
by Chemical Formula 8 was formed as the hole-transporting layer to a thickness of 600 
A on the glass substrate with an ITO layer, and the compound represented by Formula 
7 was formed thereon as the light-emitting layer to a thickness of 600 A by vacuum 
deposition. The element showed green emission at an intensity of 80 cd/m 2 , when a 
DC voltage at 5 V was applied. The result shows that the compound of Formula 7 is 
both electron-transporting and light-emitting. 
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[0035] 
[Formula 7] 




[0036] 
[Formula 8] 



[0037] 
(Example 3) 

In a similar manner to Example 1, the compound represented by Formula 9 and 
the rubrene represented by Chemical Formula 10 were codeposited on the glass 
substrate with an ITO layer under vacuum to a thickness of 1000 A. The vapor 
deposition rate of the compounds were so controlled that the rubrene concentration 
became 3%. A layer of LiF of 5 A and a layer of Al of 1 500 A in thickness were formed 
as the metal electrode. Application of a 5-V DC voltage gave yellow emission at a 
brightness of 20 cd/m 2 . The result shows that the compound of Formula 9 is both 
electron- and hole-transporting, 
[0038] 
[Formula 9] 
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[0039] 



[Formula 10] 




[0040] 



The electroluminescent element may be covered with a protective film of an 
other organic material or inorganic compound or enclosed in an inert gas t for 
improvement in reliability of the element. The element may be enclosed not only with 
gas but also with liquid such as a silicone- or fluorine-based liquid. 
{Example 4) 

In a similar manner to Example 1 , a layer of an asymmetric spiro compound 
represented by Chemical Formula 11 was formed as the hole-transporting layer to a 
thickness of 600 A on the glass substrate carrying an ITO layer, and a layer of a green 
light-emitting material, the quinoiinol aluminum complex represented by Formula 12, 
was formed thereon to a thickness of 600 A. The electrode used was a MgAg alloy 
electrode. Application of a 5A/ DC voltage resulted in emission of green light at a 
brightness of 100 cd/m 2 . As a result, the element thus obtained was. higher in 
brightness than the element prepared with triphenyidiamine (TPD) and had an 
elongated lifetime of 500 hours under continuous operation at 10 mAcm 2 . It is 
because the glass transition temperature of the compound represented by Formula 1 1 
is 1 10°C and significantly higher than that of TPD conventionally used. 
[0041] 

[Formula 11] 




[0042] 

[Formula 12] 




[0043] 

(Example 5) 

in a similar manner to Example 1 > a layer of an asymmetric spiro compound 
represented by Chemical Formula 13 was formed as the hole-transporting layer to a 
thickness of 600 A on the glass substrate carrying an ITO layer and a layer of a green 
light-emitting materia!, the quinolino! aluminum complex represented by Formula 12, 
was formed thereon to a thickness of 600 A. The electrode used was a MgAg alloy 
electrode. Application of a 5-V DC voltage resulted in emission of green light at a 
brightness of 120 cd/m 2 . As a result, the element thus obtained was higher in 
brightness than the element prepared with triphenyldiamine (TPD) and had an 
elongated lifetime of 600 hours under continuous operation at 10 mAcm 2 . The glass 
transition temperature of the compound represented by Formula 13 was 121°C. 
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[Formula 13] 
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